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Figure 3. The contribution of the prostaglandin (PG) system to the recruitment of immune cells. PGE 2 and PGI 2 induce chemoattractants (MCP-1, CXCL12, CXCL7) resulting 
in the recruitment of inflammatory cells to affected sites. 
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Figure 1 . The role of the prostaglandin (PG) system as a cytokine amplifìer. The contribution of the PG system to the amplifica tion of cytokine signaling is shown. Cytokines 
in blue are those whose signaling is amplifìed by the PG system. PGE 2 synergistically induces IL-6/IL-ip/COX-2 expression with LPS via EP4 in macrophages (red dashed 
box at upper left) [9]. PGE 2 also promotes the differentiation of Th1 from naTve T cells synergistically with IL-12 via EP2/EP4 (red dashed box at upper right) [10]. PGE 2 
stimulates dendriti cells (DCs) and promotes IL- 23 production synergistically with CD40 and Toll-like receptor (TLR) signaling. PGE 2 then enhances the expansion of Th17 
cells with IL-23 (red dashed box at lower right) [10,21 ,25,26]. PGI 2 also induces proinflammatory cytokines such as IL-6 from synovial fibroblasts synergistically with IL-ip 
(red dashed box at lower left) [7]. 




Pro-inflammatory prostaglandin E2 (PGE2) produced by tumour epithelial cells and/or their surrounding stronfiai cells induces 
immunosuppression through several ways, including: downregulating anti-tumour T helper 1 (TH1) cytokines and upregulating 
immunosuppressive TH2 cytokines; inhibiting CD8+ T celi proliferation and activity, suppressing the anti-tumour activity of naturai killer cells 
and stimulating the expansion of regulatory T cells (TReg cells) and myeloid-derived suppressor cells (MDSCs); and inhibiting CD8+ T celi anti- 
tumour functions by impairing the ability of tumour cells to directly present tumour antigen, inhibiting dendritic celi differentiation and 
switching the function of dendritic cells from induction of immunity to T celi tolerance. The yellow CD8+ T cells have anti-tumour activity and 
the purple CD8+ T celi does not have anti-tumour activity. The purple dendritic cells have the ability to present tumour antigens from tumour 
cells with major histocompatibility complex (MHC) class I molecules to activate naive CD8+ T cells. 




Tissue remodeling 
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Figure 4. The contribution of the prostaglandin (PG) system to tissue remodeling. The PG system promotes or suppresses tissue remodeling, including metaplasia, fibrosis 
and angiogenesis, in a context-dependent manner. Red or blue color indicates the contribution of the PG system to the promotion or suppression of tissue remodeling, 
respectively. 
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T A B L E 2-2 Biological Activities of Arachidonic 
Acid Metabolites 
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T A B L E 2-2 Biological Activities of Arachidonic 
Acid Metabolites 



Metabolite Biological Activity 

PGE 2 , PDG2 Induce vasodilation, bronchodilation; 

inhibit inflammatory celi function 
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PGF 2a Induces vasodilation, 

bronchoconstriction 
TxA 2 Induces vasoconstriction, 
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FIGURE 19-10 Mediators and treatment of asthma. Mast cell-derived leukotrienes and PAF are» thought to be the major msdiators of 
acute bronchoconstriction. Therapy is targeted both at reducing mast coli actrvation with inhibitors such as cromolyn and at countering mediator 
actions on bronchial smooth musei© by bronchodilators such as ©pinephrin© and th©ophylline. Th©se drugs al so inhibit mast celi activation. Mast 
oell-derìved cytokines are thought to b© th© major mediators of sustained airway inflammation. which is an ©xampl© of a late-phase reaction, and 
corticosteroid therapy is used to inhibit cytokin© synthesis. Cytokines are al so produced by T H 2 cells (not shown). 
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Fig. 1. Homotypic and heterotypic interactions of the CysLTi receptor. 
CysLT, receptors can form homodimers that bind LTD 4 with high 
affìnity and LTC 4 with lesser afììnity, causing both calcium flux and 
extracellular signal regulated kinase activation that lcad to smooth 
muscle contraction, cytokine gene induction, and celi proliferati on. 
Both CysLT 2 receptors and GPR17 can heterodimcrize with CysLT ! 
receptors, attenuating signalling through the latter receptor and, in 
the case of GPR17, markcdly attenuating ligand binding. (+) signs 
indicate positive signalling, (— ) signs denote inhibitory signalling, and 
± indicates blockadc of ligand binding, 



TABLE 12.4. Roles of lipid mediators in the steps 
of inflammation 
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Lipid mediators involved 


Vasoconstriction 
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TABLE 12.3. Pathophysiology: human diseases with 
dysregulated eicosanoids 
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Arachidonic acid is a polyunsaturated fatty acid that constitutes the phospholipid domain of most celi membranes and is liberated from the cellular membranes by 
cytoplasmic phospholipase A2 (PLA2). Free arachidonic acid can be metabolized to eicosanoids through three major pathways: the cyclooxygenase (COX), the 
lipoxygenase (LOX) and the cytochrome P450 monooxygenase pathways. In the COX pathway, the key step is the enzymatic conversion of arachidonic acid to the 
intermediate prostaglandin G2 (PGG2), which is then reduced to an intermediate PGH2 by the peroxidase activity of COX. PGH2 is sequentially metabolized to 
prostanoids, including prostaglandins (PGs) and thromboxanes (TXs) by specific prostaglandin and thromboxane synthases. LOXs convert arachidonic acid into 
biologically active metabolites such as leukotrienes and hydroxyeicosatetraenoic acids (HETEs); P450 metabolizes arachidonic acid into epoxyeicosatrienoic acids (EETs), 
HETEs and hydroperoxyeicosatetraenoic acids (HPETEs). In the 5-LOX pathway, arachidonic acid is converted to an intermediary 5-HPETE, which is further metabolized to 
form the unstable leukotriene A4 (LTA4). LTA4 is subsequently converted to 5-HETE, LTB4, LTC4, LTD4 and LTE4. Each of the prostaglandins and leukotrienes exerts its 
biological effects by binding to its cognate G protein-coupled receptor. PGI2 can transactivate the nuclear peroxisome proliferator-activated receptor-6 (PPAR6), and a 
PGD2 dehydration product, 15dPGJ2, is a naturai ligand for PPARy. The multidrug resistance-associated protein (MRP) gene family is comprised of efflux transporters for 
both prostaglandins and leukotrienes, and PGT is an influx transporter for prostaglandins. Hydroxyprostaglandin dehydrogenase 15-(NAD) (15-PGDH) mainly metabolizes 
intracellular PGE2 and PGF2<x to a stable 13,14-dihydro-15-keto-PGE2 and 13,14-dihydro-15-keto-PGF2<x. The red boxes indicate the signalling pathways that are 
discussed in this Review. CysLT, cysteinyl leukotriene; NSAID, non-steroidal anti-inflammatory drug. 
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■ Figura 13.30 - Cascata dell'acido arachidonico. Sintesi dei metaboliti attraverso le vie delle Ciclo-ossigenasi e 
lipossigenasi. 



\ ANALGESICO 
L'aspirina è capace di 
ridurre le sensazioni 
dolorose: questa dote 
dipende dalle ridotte 
dimensioni della 
molecola di acido 
acetil-salicilico, che le 
permettono di utilizzare 
specifici trasportatori 
in grado di farle 
raggiungere le zone 
interne del cervello che 
controllano gli stati 
dolore (in base a questa 
qualità, talvolta, 
si decide anche la 
somministrazione 
di alcuni derivati 
per iniezione). 



ANTIPIRETICO 
Aiuta ad abbassare situazioni di 
temperatura corporea anormale: 
questo effetto dipende 
dalla facilità con cui l'acido 
acetìl-salicilico (il nome chimico 
corretto del prodotto 
commerciale aspirina) raggiunge 
gli organi centrali che regolano 
la temperatura corporea. 




Table 3. NSAID COX-1 2 ìnkibitory potencies and selectivities deterniined using a whole blood assay and their clinical 
dose to treat RA and OA. 
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Fig. 1. Immunosuppressant aspects of ASA and its derivatives on different steps of the innate immune-mediated inflammatory reaction. ASA and its derivatives can impede the re- 
cruitment cascade of leukocytes by inhibiting their adhesion» transmigration and chemotaxis along with inhibition of proinflammatory cytokine release. ASA induces apoptosis in 
neutrophils (PMN) and monocytes» but its apoptotìc potential against macrophages (m4>) stili remains to be elucidated (???). 




Fig. 2. Illustration of the immunosuppressant mechanisms of ASA and its derivatives during induction and effector phases of the innate and adaptive immunities. ASA and its de- 
rivatives inhibit the maturation/differentiation process of dendritic cells (DCs) by decreasing the surface expression of various maturation markers, and can also suppress their Tcell 
immunostimulatory power by decreasing the antigen (Ag) presentation capacity. In case of Tand B lymphocytes, ASA and its derivatives suppress the cytokine production (partic- 
ularly IL-2, IL-4, etc), decrease their proliferation/differentiation, and inhibit antibodies secretion from B cells. 
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FigA The differences shown between type I and II cyclooxygenaL 

the development of selective COX-2 inhibitors is proposed to result in the production of anti-inflam- 
matory but gastrointestinal-sparing nonsteroidal anti-inflammatory drugs (NSAIDs). 
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Fig 1. Expression and role of COX isoforms related to NSAID-associated Gl injury. 




TABLE 12.1. COX-1 and COX-2 


General properties 
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Figure 2. Representative biosynthetic pathway of prostaglaiidin (PG) biosynthesis from arachidonic acid (AA) via COX- 
l/COX-2 isoform catalysis. The NSAIDs aspirin. indomethacin and ibuprofen are nonselective ìnhibitors of COX isozymes 
whereas celecoxib and rofecoxib exhibit selective COX-2 ìnhibition. 



Table 3. NSAID COX-1/2 ìnhibitory potencies and selectivities deteriiiined using a whole blood assay and their clinical 
dose to treat RA and OA. 
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Figure 12.1. Overview of arachidonic acid cascade. Phospholipase A 2 acts on the phospholipids 
phosphatidylcholine (PC), phosphatidylethanolamine (PE), and phosphatidylinositol (PI) to release 
arachidonic acid. Phospholipase A 2 cleaves the ester bond marked by the arrow to release arachi- 
donic acid. Unesterified arachidonic acid is substrate for the cyclooxygenase, lipoxygenase, and 
epoxygenase pathways. The cyclooxygenase pathways produce prostaglandins, prostacyclin, and 
thromboxane. The lipoxygenase pathways produce leukotrienes and lipoxins. The epoxygenase 
pathway produces epoxyeicosatetraenoic acids (EETs) and nonenzymatic oxidation of arachidonic 
acid can produce isoprostanes. 
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Fig. 2. Biosynthesis of specialized mediators in resolution of acute inflammation. Locai mediators include the lipoxins (LX) derived from arachidonic acid (AA): resolvins 
derived from omega-3 PUFAs eicosapentaenoic acid (EPA: resolvins E series) and docosahexaenoic acid (DHA: resolvins D series): and protectins enzymatically derived from 
DHA The structures of each of these key mediators have been confirmed by total organic synthesis (see text for details). 
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Biosynthesis of leukotrienes and lipoxins by cell-cell interaction. Activated neutrophils generate LTB4 from arachidonic acid- 
derived LTA4 by the action of 5-lipoxygenase, but they do not possess LTC4-synthase activity and consequently do not 
produce LTC4. In contrast, platelets cannot form LTC4 from endogenous substrates, but they can generate LTC4 and lipoxins 
from neutrophil-derived LTA4. 
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Figure 12.9. Transcellular biosynthesis is used to locally generate lipoxins and cysteinyl 
leukotrienes. In this example, the leukocyte (neutrophil) obtains arachidonic acid (AA) 
internally via activation of cPLA 2 and also externally from platelets, and uses this AA to bio- 
synthesize LTA 4 and LTB 4 . LTA 4 is transferred from the leukocyte to platelets and endothe- 
lial cells, which synthesize and secrete LTC 4 . Platelets also biosynthesize lipoxins (LXA 4/ 
LXB 4 ) from LTA 4 . Note that the eicosanoids biosynthesized within each celi type are deter- 
mined by the enzymatic repertoire of that celi type: for example, neutrophils biosynthesize 
primarily LTA 4 and LTB 4 because they express 5-LOX and LTA 4 hydrolase, whereas platelets 
biosynthesize LTC 4 and lipoxins because they express LTC 4 synthase and 12-LOX. 
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Figure 12.5. Aspirin mechanism of action. (A) Aspirin mechanism with COX-1: inhibition of prostanoid intermediates. 
(B) Aspirin and the biosynthesis of the aspirin-triggered Lipoxins (ATL) via COX-2. 
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Fig. 2. Transcellular generation of lipoxin A 4 [LXA 4 (5S,6/?,15S-trihyclroxy-7,9,13-rrans-11-c/s-eicosatetraenoic 
acid)] and 15-epi-LXA 4 . P-selectin-mediated endothelial-PMN (polymorphonuclear neutrophil) interaction 
facilitates LXA 4 biosynthesis. During cell-cell interactionsarachidonic acid (AA) and its metabolites can transfer 
from one celi to another where they undergo further transformation. PMNs express 5-lipoxygenase (5-LO) but 
platelet and endothelial cells do not. During platelet-PMN circuits, AA is metabolized to leukotriene A 4 (LTA 4 ) and 
the reaction is catalysed by the PMN 5-LO. Platelets convert the PMN-derived LTA 4 to LXA 4 through the action of 
their 12-lipoxygenase (12-LO). In a cytokine-primed milieu, aspirin-induced acetylation of endothelial 
cyclooxygenase 2 (COX-2) prevents the formation of prostanoids but rema ins active In situ to generate 
15(/?)-HETE, which is releasedand converted byactivated inflammatory cells to generate aspirin-triggered lipoxin 
(ATL) 15-epi-LXA 4 . Abbreviations: 15(/?)-HETE, 15(/?)-hydroxyeicosatetraenoicacid; ICAM, intercellular adhesion 
molecule; LX, lipoxin. 
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Table 2 Lipoxins coimter-regnlate cardinal sigiis of inflammation: 
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Lipoxin and aspirin-triggered lipoxin actions 
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Fig. 3. The major bioactions of lipoxins (LXs), aspirin-triggered lipoxins (ATLs) and their stable analogues in specific cells releva nt to inflammation and its resolution. LXs inhibit 
the activation of polymorphonuclear neutrophils (PMNs) and eosinophils, and promote the clearance of apoptotic leukocytes by macrophages at an inflammatory site. LXs have 
also been shown to alter cytokine and adhesion molecule expression thereby influencing leukocyte trafficking. Abbreviations: Gl, gastrointestina I; IL, interleukin; LT, leukotriene; 
MMP-3, matrix metal loproteinase 3; TIMP, tissue inhibitor of metal loproteinase. 



TABLE 12.6. Dual anti-inflammatory and pro-resolution actions of lipoxins, resolvins, and protectins in complex disease 
models 



Mediators 


Disease model 


Action(s) 




Lipoxin A 4 /ATL 


Rabbit/Periodontitis 


Reduce neutrophil infiltration; prevent connective tissue and bone loss 




Mouse/Peritonitis 


Stop neutrophil recruitment and lymphatic removal of phagocytes 




Mouse/Dorsal air pouch 


Stop neutrophil recruitment 






Mouse/Dermal inflammation 


Stop neutrophil recruitment and vascular leakage 






Mouse/Colitis 


a . • ri . i i ■ , r i ■ , ■ 

Attenuate prointlammatory gene expression and reduce seventy ot cohtis. 
Inhibit weight loss, inflammation, and immune dysfunction 




Mouse/Asthma 


■ i • i i • il n ■• 

Inhibit airway hyperresponsiveness and pulmonary inflammation 




Mouse/Cystic fibrosis 


Decrease neutrophilic inflammation, pulmonary bacterial burden, and 
disease severity 




Mouse/lschemia-reperfusion 


Attenuate hind-limb l/R-induced lung injury 
Detachment of adherent leukocytes in mesenterio l/R 




Mouse/Cornea 


Accelerate cornea re-epithelialization, limit sequelae of thermal injury 
(Le., neovascularization, opacity) and promote host defense 




Mouse/Angiogenesis 


Reduce angiogenic phenotype:endothelial celi proliferation and migration 




Mouse/Bone-marrow 
transplant (BMT) 


Protect against BMT-induced graft-versus-host diseases 




Murine/Glomerulonephritis 


Reduce leukocyte rolling and adherence 
Decrease neutrophil recruitment 






Rat/Hyperalgesia 


Prolong paw withdraw latency, reducing hyperalgesic index 
Reduce paw edema 




Rat/Pleuritis 


Shorten the duration of pleural exudation 
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Figure 12.10. Resolvins and protectins: biosynthesis from omega-3 EPA and DHA 
precursors. 



Eicosanoid, docosanoid and hydroxy-fatty acid production from AA, EPA and DHA. 
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Temporal changes in lipid mediators in the progression of acute inflammation. 
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Next, new families of lipid mediatorsAresolvins and protectinsAare generated from the omega-3 polyunsaturated fatty acids 
(PUFA) eicosapentaenoic acid and docosahexaenoic acid. Aspirin jump-starts resolution by acetylating COX-2 and subsequently 
generating aspirin-triggered 15-epi-lipoxins as well as aspirin-triggered epimers of both resolvins and protectins. As homeostasis is 
resumed, apoptotic neutrophils increase the expression of CC-chemokine receptor 5, which binds chemokines and helps clear the 
inflammatory milieu. The apoptotic neutrophils then undergo nonphlogistic phagocytosis by macrophages. Abbreviations: ATL, aspirin- 
triggered lipoxin; COX, cyclooxygenase; LOX, lipoxygenase; LTB 4 , leukotriene B 4 ; LXA 4 , lipoxin A 4 ; LXB 4 , lipoxin B 4 ; PGD 2 , prostaglandin 
D 2 ; PGE 2 , prostaglandin E 2 ; PMN, polymorphonuclear leukocyte. 



TABLE 12.5. Key ce 


Ilular actions of lipoxins. 


resolvins, and protectins in the innate immune system and resolution* 




Mediators 


Celi type 


Action(s) 




Resolvin E1 


Neutrophil 


Stops transepithelial and transendothelial migration 






Macrophage 


Stimulates nonphlogistic phagocytosis of apoptotic neutrophils 




Dendritic celi 


Blocks IL-12 production 




Tcell 


Upregulates CCR5 expression 


Resolvin D1 


Microglia 


Inhibits IL-1(3 expression 


Aspirin-triggered 
resolvin D1 


Neutrophil 


Stops transmigration 




Protectin D1 


Neutrophil 


Upregulates CCR5 expression 




Macrophaqe 


Stimulates nonphlogistic phagocytosis of apoptotic neutrophils 


Tcell 


Inhibits TNF and IFNy secretion, promotes apoptosis 
Upregulates CCR5 expression 




Microglia 


Inhibits IL-1(3 expression 




Epithelia 


Protects from oxidative stress-induced apoptosis in retinal pigment 
epithelia 


*See Serhan and Chiang (Br J Pharmacol. 2007) and Yacoubian and Serhan {Nat Gin Pract Rheumatol. 2007) for further details and the review of 
originai literature. 



TABLE 12.6. 
models 


Dual anti-inflammatory and pro-resolution actions of lipoxins, resolvins, and protectins in complex disease 


Mediators 


Disease model 


Action(s) 




Resolvin E1 


Rabbit/Periodontitis 


Reduces neutrophil infiltration; prevents connective tissue and bone loss; 
promotes healing of diseased tissues; regeneration of lost soft tissue and 
bone 




Mouse/Peritonitis 


Stops neutrophil recruitment; regulates chemokine/cytokine 
Promotes lymphatic removal of phagocytes 


production 




Mouse/Dorsal air pouch 


Stops neutrophil recruitment 






Mouse/Retinopathy 


Protects against neovascularization 






Mouse/Colitis 


Decreases neutrophil recruitment and proinflammatory gene expression; 
improves survival; reduces weight loss 


Kesolvin u I 


Mouse/Peritonitis 


Stops neutrophil recruitment 






Mouse/Dorsal skin air pouch 


Stops neutrophil recruitment 






Mouse/Kidney 
ischemia-reperfusion 


Protects from ischemia-reperfusion-induced kidney damage 
function; regulates macrophages 


3 and loss of 




Mouse/Retinopathy 


Protects against neovascularization 




Protectin D1 


Mouse/Peritonitis 


Inhibit neutrophil recruitment; regulate chemokine/cytokine 
Promote lymphatic removal of phagocytes 
Regulate T-cell migration 


production 




Mouse/Asthma 


Protectfrom lung damage, airway inflammation, and airway 
hyperresponsiveness 






Human/Asthma 


Protectin D1 is generated in humans and appears to be diminished in 
asthmatics 




Mouse/Kidney 
ischemia-reperfusion 


Protect from ischemia-reperfusion-induced kidney damage 
function; regulate macrophages 


and loss of 




Mouse/Retinopathy 


Protect against neovascularization 






Rat/Ischemie stroke 


Stop leukocyte infiltration, inhibit NF-kB and cyclooxygenase-2 
induction 




Human/Alzheimer's disease 


Diminished protectin D1 production in human Alzheimer's disease 
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Figure 1 Synthesis pathways of lipid resolution mediators 
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Fig. L The PAF signaling cascadc. The PAF signaling system includes PAF and PAF-like lipids, whkrh are phospholipid ligands, and a G-protein-coupled receptor, the PAFR, that has 
restricted distribution on target inflammatory, immune, and hemostatic cells. Engagement of the receptor triggers cellular activation and, via intracellular signaling cascades, 
alterations in cellular phenotype and function. A variety of regulatory mechanisms have evolved to control the PAF signaling system including PAFR downregulation and desen- 
sitization, intracellular bkxrhemical modulatioa and activitìes of a family of enzymes - the PAF acetylhydrolases - that selectively degrade PAF and PAF-LL Plasma PAF AH, 
a secreted form, is constitutively present in blood under basai conditions and limits the half life of circulating PAF to minutes. Recombinant PAF AH and competitive PAFR 
antagonists have been studied as candidate therapies for sepsis in experimental models and clinical trials. Modified from [80] with permission. 
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respond to PAF. In response to thrombin, platelets scerete the 
prestored PAF. In neutrophils, PAF mediates chemotaxis, rolling and 
adhesion on endothelial cells, and production of reactive oxygen 
species and TNF-a. In macrophages, it mediates production of 
angiogenic factors. In endothelial cells, PAF can directly induce or 
be a second messenger in growth factor- or cytokine-induced 
proliferation and migration. It also mediates the production of TNF- 
a, IL-la, bFGF, VEGF and COX-2. Keratinocytes produce PAF when 
irradiated with UV, and respond to PAF by induction of COX-2, IL-6 
and IL-8 
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FIG. 7. PAF association to disease. Be- 
cause of its potent phlogistic and phys- 
iologic actions and its isolation from var- 
ious tissues and body fluids during 
pathologic processes, PAF has been im- 
plicated in the pathogenesis of human 
disease. Final documentation of its po- 
tential detrimental effects must await 
clear demonstration that specific PAF 
receptor antagonists and/or inhibition of 
PAF synthesis reduces or aorogates 
these pathologic conditions. 



